Abstract.-Skin cells from albino mouse embryos have been shown to synthesize melanin after exposure to a nucleoprotein fraction of cells from pigmented mice. Although transformed clones were not found in any of 37 control experiments, at least 15 transformations took place in 10 of a series of 49 experiments using undegraded DNA. The active component in the transforming material appears to be DNA because DNase-treated preparations did not induce melanin synthesis.
The possibility of altering the genetic makeup of mammalian cells by DNAmediated transformation has interested biologists since 1944 when it was shown that pneumococcal transforming principle was deoxyribonucleate.1 A number of investigators have reported that mammalian cells bind DNA and can incorporate it.2'-Transformation of amelanotic melanoma hamster cells by DNA from a melanotic line to increased pigment production has been reported by Glick and Salim.6 The observed change was of a quantitative nature rather than of a qualitative one. t Transformation of a tissue culture cell line deficient in inosinate pyrophosphorylase to enzyme production was observed by Szybalska and Szybalski,7 but confirmation of this finding has not been reported. Previous attempts at transformation of normal mammalian cells have not been successful.8 The literature in this field has been reviewed by Ledoux. 9 The experiments reported in the present communication demonstrate induction of melanin synthesis in albino mouse cells after exposure to deoxyribonucleate from tissues of pigmented mice.
Materials and Methods. -Mouse strains: The cells exposed to DNA and the mice into which they were transplanted after exposure were of Swiss albino stock (SWR/J, genotype of coat cc). DNA was extracted from C57BL/6J black mice genotype aa (nonagouti) for one experiment and from the F1 hybrid of these two strains for all the other experiments. In mice, the ability to synthesize normal melanin is transmitted as a simple Mendelian dominant. Transformation method: A litter of albino embryos at 14 days' gestation (at this time the melanoblasts have migrated from the neural crest into the skin)'2 was removed by abdominal section under Nembutal anesthesia and skinned. The skins were washed in cold saline; each was cut into three or four pieces and suspended in a medium containing (in a final volume of 13.8 ml) 0.2 ml of 20% glucose, 1 ml of Earle's basic salt solution loX concentrated and lacking calcium and magnesium, 9.7 ml of triply glass-distilled H20, 1.2 ml of 0.5 M K2HPO4, 1.5 ml of sterile human serum (heated at 60'C for 30 min and sterile-filtered), 40,000 units of penicillin, and a drop of phenol red. The cells in suspension were dissociated by pipetting rapidly with a Pasteur pipette for 15 min. The following ingredients were added to complete the transformation medium: 0.05 ml of 50% MgCl2-6H20, 0.02 ml of 0.1% CaCl2, spermine,7 to make 10 Asg/ml. The preparation was divided into two parts: to one part a 1:20 dilution of the untreated DNA was added to make about 15,ug/ml DNA; to the second part, DNA previously incubated for 15 min at 370C with 5 gg/ml of pancreatic DNase (Worthington, 1 X recrystallized) or saline was added. The preparations were incubated at 370C for 2 hr. The cells were concentrated 2 X by centrifugation at 4VC for 10 min at 1000 g and then 0.6 ml per mouse was injected subcutaneously with an 18-gauge needle in the region of the neck in SWR/J albino males about 8 weeks old, lightly anesthetized with Nembutal. The track left by the needle was sealed with collodion. The number of cells was estimated by counting them in a Petroff-Hauser chamber.
Detection of transformants: The host mice were killed 14 days after injection because during this 2-week period the implanted cells divide about ten to fourteen times. This interval after injection was chosen because the donor embryos would have been 1 week old, if left undisturbed. Genetically pigmented animals would show melanin pigment at this time.
The skin of the neck was reflected and the small explants were removed. These bits of tissue usually had formed some hairs. The explants were removed to a moistened slide and pulled apart so that the hairs could be observed under a dissecting microscope.
The tissue was then divided in half. One half was fixed in 1% osmium tetroxide and one half in absolute methanol. The slides fixed in methanol were examined under darkfield illumination in which melanin appears bright. The preparations were then treated with ferrous sulfate stain (as described by Lillie") in which melanin appears dark green to black. The tissue fixed in osmium tetroxide was dehydrated and embedded in epon for electron microscopy.
Resuls.-Melanin-producing explants were found in 10 of 49 experiments containing undegraded DNA. In one experiment, three melanized explants were found, although usually only one was detected.
The total number of explants (melanized and unmelanized) found in each experiment varied from 0 to 27. The results, summarized in Table 1 , do not include experiments in which no explants were recovered.
As a control, skin from 14-day F, pigmented embryos was treated in the same way as that of albino skin exposed to DNA. A low power (80X) view of such an explant is shown in Figure 1 . An explant from a control experiment using albino embryos is shown in Figure 2 , and a DNA-treated melanized albino explant in Figure 3 . While all mouse hairs have a longitudinal keratinized core which appears dark, the hair shafts and bulbs are very densely pigmented in the Fl. The hair shafts and bulbs are not pigmented in the albino control. A mixture of pigmented and unpigmented hairs can be seen in the albino tissue treated with undegraded DNA. The explants from a genetically pigmented embryo had so much melanin that individual granules were difficult to distinguish even at 18,5 higher magnification'4 (1250 X) (Fig. 4) . The amount of melanin produced from experimentally treated embryonic cells varied from a few granules to several densely pigmented hairs with melanin granules spread throughout the surrounding tissues. Figure 5 shows a segment of nonpigmented hair, and Figure 6 a pigmented hair from the same experimental explant. The hair shaft from the F, has a smaller diameter than that of the albino. The melanin pigmentation of these characteristically larger hairs in the DNA-treated explants (Fig. 6 ) is further evidence that the "genetically" albino cells have been transformed so that they now produce melanin.
Electron micrographs of thin sections of an experimental explant revealed the presence of many electron-dense granules (Fig. 7) . At higher magnification (Fig. 8) , these granules show the characteristic membranous substructure of unmelanized melanosomes in the same field.5 ' 16 Most of the melanosomes seen in the electron micrographs are so small that they are difficult to visualize with the light microscope. For this reason the results of the present experiments in transformation to melanin production, in which identification of melanin was by light microscopy, probably represent only a fraction of cells transformed to melanin production.
Discussion.-Transformation of normal mammalian cells by added DNA has been of interest but is difficult to demonstrate, at least in part, for lack of easily selected markers with low mutation rates. In the present experiments transformation to synthesis of a single enzyme, tyrosinase, results in the visible end product melanin. The Swiss albino mouse has not been observed to revert to melanin synthesis by spontaneous mutation in the germ line.'7 Spontaneous mutation, therefore, can probably be eliminated as a source of pigmented explants. The albino strain possesses the cell types which normally make melanin, but the pre-melanosomes do not have melanin deposits within them.'5 The change to melanin production observed in the present experiments did not involve alteration of structure, but was characterized by induction by DNA of the capacity to produce tyrosinase.
Tyrosinase is not found in livers, spleens, and soft tissues from which the DNA was extracted." Therefore, these experiments support the postulate that the genetic material of differentiated cells is totipotential.
The DNA-containing preparation was not extensively deproteinized in order 
